ABSTRACT
INTRODUCTION
Although gold complexes have been used for over sixty years for the treatment of rheumatoid arthritis (RA), little is understood of their mechanism of action. For several years, we have been interested in determining the fate of different gold complexes after administration to patients. Using HPLC coupled to ICP-MS for gold-specific detection, we have shown that dicyanogold(I) is a common metabolite found in patients treated with myochrysine (gold(I) sodium thiomalate), solganol (gold(I) thiooglucose), or auranofin (triethylphosphinegold(I)tetraacetylthioglucose 2. It had been suggested that the formation of dicyanogold(I) might increase cellular uptake of gold". Since we have now found this compound circulating in the blood of patients, we have begun studies to investigate the effect of dicyanogold(I) on cells which play a role in rheumatoid arthritis.
Rheumatoid arthritis is characterized by inflammation and ultimately by progressive destruction of the joints4. Abnormal accumulation of T lymphocytes occurs, particularly CD4
/ cells, along with large numbers of infiltrating macrophages. Macrophage activation is characterized by the production of a number of cytokines, for example Interleukin 11 (IL-I#) and Tumor Necrosis Factor (TNF). Actual destruction of the matrix of the joint results from the production of degradative enzymes such as collagenase and stromelysin by syno_vial fibroblasts. Recent treatments for RA have been focused on targeting the immune system . For example, promising agents have included immunosuppressive drugs such as cyclosporine, monoclonal antibodies to CD4/, and compounds such as tenidap, which has cytokine modulating activity. One aspect common to the regulation of many of these cytokines is the transcription factor Activator Protein-1 (AP-1). AP-1 binding sites are found in the promotor regions of a number of genes activated in RA, including IL-11, IL-2, TNF, collagenase, and stromelysin6' 7. AP-1 includes a family of transcription factors which are dimers of Jun and Fos7. Dimerization occurs through the formation of leucine zippers, and dimers bind to AP-1 sequences on the DNA. Jun proteins include c-Jun, JunB and JunD, and are capable of forming homodimers or heterodimers with members of the Fos family, including c-Fos, Fra-1, Fra-2, etc. The complex is also known Based on our previous work demonstrating t_hat dicyanogold(I) is found circulating in patients independent of the type of gold drug administeredz, our initial experiments explored the effect of dicyanogold(I)on the interaction of transcription factors with their DNA recognition sequences. We first used an EMSA experiment to examine the effects of dicyanogold(I) added in vitro to purchased c-jun and a consensus AP-1 consensus oligonucleotide (Figure 1 ). In the absence of added protein, the DNA migrates toward the bottom of the gel. In the presence of a protein which binds the DNA, the DNA is retarded and thus found toward the top of the gel. At the lowest concentrations of dicyaongold(I), there is a dark band at the position of the c-jun + probe, indicating that there is a significant amount of protein in the reaction which can bind to the DNA sequence. Addition of dicyanogold(I) to c-jun at concentrations above 250 ppb significantly inhibits the binding of c-jun to its DNA sequence. Handel, et al. used myochrysine in their experiments. These results indicate that dicyanogold(I) is also able to block c-jun binding to DNA.
The initial suggestion that AP-1 might react with gold was based on the presence of a cysteine within the DNA binding region of c-jun which was surrounded by a lysine on one side and an arginine on the other (KCR). It was suggested that the presence of the surrounding basic amino acids might make that cysteine more reactive to gold than others . Our examination of the transcription factor requirements for expression of IL-lby macrophages indicated that, in addition to AP-1 ILl expression requires CREB9. Since Figure 2 shows EMSA results. In these experiments, there are two shifted bands seen when the 59 bp fragment is reacted with nuclear extracts, labeled bands 1 and 2 in the figure. We observed bands at the same region of the gel when pure CREB protein was reacted with the consensus CRE oligonucleotide (data not shown), thus suggesting that both of these bands represent CREB binding. As seen with the c-jun experiment, dicyanogold(I) significantly inhibits the binding of one of the CREB bands. In both the c-jun and CREB EMSA experiments, some samples were incubated with potassium cyanide in concentrations comparable to those used for dicyanogold(I) (data not showq). Potassium cyanide has no effect on DNA binding in either case, indicating that the inhibition observed is due to the presence of gold. Thus, dicyanogold(I), a compound which circulates in patients, blocks the interaction of both c-jun and CREB with their respective DNA sequences.
Having Nuclear extracts from cells incubated with mitogen show significantly more radioactivity in Band 1. Incubation of the cells in dicyanogold(I) significantly inhibits the observed increase in intensity of the band. Interestingly, in the case of nuclear extracts from cells treated with .dicyanogold(I) Band is much more significantly affected by gold than Band 2, a similar result to that seen when extracts were exposed to gold in vitro. The reduction in Band material after dicyanogold(I) treatment was also observed in cells incubated for up to one week prior to mitogen treatment (data not shown). Thus, For the observed effects on DNA binding of transcription factors to be physiologically significant, it would be predicted that incubation of cells with dicyanogold(I) would lead to a decrease in the production of mRNA for the cytokines which depend on the specific transcription factor for their synthesis. We have looked at this question in both Jurkat cells and THP-1 cells, monitoring the effect of dicyanogold(I) incubation on synthesis of a cytokine mRNA. For Jurkat cells, we used a ribonuclease protection assay. Cells were incubated in dicyanogold(I) for 24 hours, then incubated with mitogens for three hours. The Ribonuclease Protection assay was carried out using a series of probes for human cytokines. Figure 6 . Cells which were not exposed to either mitogen or dicyanogold(I) make no detectable IL-11 mRNA.
Addition of dicyanogold(I) has no effect on mRNA production (lanes 3,5,7,9). (Figure 1 ), but was also seen when whole cells were incubated with dicyanogold(I) and nuclear extracts were subsequently reacted with DNA ( Figure 3 ). Dicyanogold(I) not only interfered with AP-1 binding to DNA but it also inhibited the mitogen-induced stimulation of IL-2 mRNA ( Figure 5 ) and IL-2 protein (Figure 7) , as predicted by Handel. In addition to the work with Jurkat cells, we also conducted experiments with THP-1 cells, a monocyte line which can be activated to macrophages. Mitogen-induction results in the activation of IL-1I, another cytokine observed at high levels in RA. IL-1l mRN production required not only AP-1 but also CREB, the cyclic AMP response element binding protein CREB contains a cysteine within its DNA binding region which is chemically similar to the cysteine within the DNA binding region of AP-1. The CREB cysteine is surrounded on both sides by arginine, and thus likely to be similarly reactive to the KCR cysteine in AP-I. We therefore tested the effect on dicyanogold(I) on the interaction of CREB with its oligonucleotide target. Using either a purchased CRE consensus sequence or an oligonucleotide found within the IL-]I promoter, we showed that CREB binding to DNA is inhibited by dicyanogold(I). Again, this is true whether the CREB is exposed to the gold compound in vitro ( Figure  2 ) or after incubation of whole cells with the compound (Figure 4) . The level of the gold which affects the in vitro transcription factor/DNA binding is similar for the two transcription factors. Significant inhibition is seen above 200 ppb dicyanogold(I). Since we have shown that both of these cell types concentrate gold (data not shown), the concentrations at which the inhibition is observed in vitro are observed in whole cells exposed to 50 ppb dicyanogold(I).
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